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The Tevatron
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B states at the Tevatron
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Tevatron is an excellent place to study B states:
2 huge bb cross section

2 production of all B hadron species

but

« ~10° times larger inelastic
Cross section

. soft p,(B) spectrum,
limited n acceptance
« background tracks from frag. — B -

(annihilation)
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Studies of B states

Study of B states = study of (non-perturbative) QCD

 Analogy: Heavy meson < Hydrogen atom
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Orbitally excited (L=1) B mesons (B™, B))

HQET:
spins of quarks decouple
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- ], =1/2 states are broad

> don't expect to observe them

» ];= 3/2 states are narrow
> expect 3 peaks

a— 6.2¢
S = L=0 =1
R R A A L
—6o0-f o 1 o 1 o1 2
% 5.9 le Br‘aI B:‘aI BJ’
= e —
5'8__ S-wave K / e -
5.7F © B,
56
5.5 Dwave K
saf A
5.3F F‘Bu ]
- Bu-::l |
5.2 =

O




B” - B%+ -, B"* - Bty (yundetected)
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B**
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- Decay B," — B_ & not allowed by isospin conservation

- Reconstruct B." — BY* K, B — B* y (yundetected)
Bt — J/w Kt (DO, CDF), Bt — D° n* (CDF)
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First direct observation of B_° First observation of B_,
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lanifi L=1
B_, Significance o=k

- N(B_,) =36.4+9.0
« -2InL,/L=y* — significance=6.3¢

 Toy experiments: p-value < 2 x 107 (50)
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Two distinct heavy quarks, weak decay

Experimentally challenging because of low production
rate f(bo - B_) ~ 0.05 %

Observed and lifetime measured by DO and CDF
in B, = J/yu/e X
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« Exclusive reconstruction -
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B.* — J/yn* allows for - ]
precise mass measurement ’ ;

« Optimize selection cuts : L ]
on B* — J/yw K* = e -

M(J iy K5 (Gevic?)




Peak in J/y © mass spectrum with > 66 significance
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M b ®5=0

« bb vector meson Y well studied,
but pseudo-scalar bb state n, not observed yet

> Search forn, — J/y /vy

 Predictions:

« BR(n, = Jiy J/y) =7 x 10!
= 0.2 — 20 visible events per fb?

. m(Y(1S)) - m(n,) = 30 - 160 MeV/c?
. T(n,) < T(n) = 25.5 + 3.4 MeV




M,

Optimized cuts for search
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« Lightest b baryon, isospin singlet %%}5%(} 77:;—
« Spectator model: t©(A,) = t(B°) ﬁ

+ NLO QCD: 7(A,) /(B%) = 0.86 £ 0.05 g [ 7 Wﬁ?ﬁ% b*

DZ Run Il Preliminary

Semileptonic decay: 3 ol |

AL = ATV X, = ﬂ_Lq_Lk
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> High statistics 1
> Correction for missing 10;" - |

momentum (k-factor) ‘
W(A,) =1.28+2 +009ps  ° o 02 o3
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Exclusive decay: A ° = J/y A°
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CDF Il Preliminary, L = 1.1 fb™

« A, only established
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* Four peaks in unblinded
signal region
* Significance > 5¢

2 First observation of
charged X, baryons

Unbinned fit:
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Summary

Broad spectrum of very competitive or even unique
B state studies at the Tevatron:

> Most precise B mass measurements
> First direct observation of B_," and B_,

> Exclusive reconstruction and
most precise mass measurement of B,

» Most stringent limit on 1, production

> Partial and full reconstruction and
precise lifetime measurements of A,

> First observation of X
Much more data expected to come

2 Improved precision, new discoveries?




